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Description 

APPARATUS FOR CUTTING GLASS PLATE 

Technical Field 

[1] The present invention relates to an apparatus for cutting a glass plate with a laser 

beam, and more particularly to an apparatus for cutting a glass plate with a laser beam, 
which comprises a means for lowering an energy level of the laser beam passing 
thresh a lens for a braking process in order to prevent a cutting plane from being de- 
teriorated due to an energy distribution of the laser beam showing a maximum energy 
level on a scribe line during the braking process and a scribing process for cutting the 
glass plate with the laser beam. 

Background Art 

[2] As a conventional method for cutting a glass plate, there are a method for cutting 

the glass plate with the application of a mechanical stress after forming a scribe line 
using an ultra hard material, such as diamond, and a method for forming the scribe line 
using a laser beam instead of the ultra hard material before applying the stress, as 
developed as an alternative to the above method. 
Disclosure of Invention 

Technical Problem 

Among the above conventional methods, as the former produces a sharp and 
irregular cutting plane, it is not adequate for precise manufactures, such as liquid 
crystals, and requires a separate grinding process. 

Thelatter does not ensure sufficient reliability of the cutting plane and also requires 
the grinding process due to the cutting with the mechanical stress. 

Technical Solution 
[5] Thus, as is proposed to solve the above problems, Korean Patent Application 

No.10-2000-0042313 discloses a method for cutting a glass plate with a laser beam. As 
shown in Figs. 1 and 2, the method comprises the steps of forming an initial crack in a 
desired cutting direction at a position where the cutting for a non-metallic material is 
started, heating the non-metallic material by irradiation of a primary heating beam 
along a line desired to be cut, performing a primary quenching on a portion heated by 
the primary heating beam to propagate the crack, heating the non-metallic material by 
irradiation of a secondary heating beam to a portion where the crack propagates, and 
performing a secondary quenching on a portion heated by the secondary heating beam. 
In the above invention, the laser beam is used for the breaking process as well as 



[3] 



[4] 



WO 2004/083133 



2 



PCT7KR2004/000592 



[7] 

[8] 
[9] 



the crack forming process and the scribing process. 

As a means for forming the crack, a notching cracker made of the ultra hard 
materials, such as diamond, file, quartz glass, can be used. 
The invention is provided with an oscillator 2 and a lens 3. 

A laser beam emitted from the oscillator 2 is focused by the lens 3 and is irradiated 
on a material to be cut, thereby forming a notch 21 thereon. 
[10] Specifically, the laser beam 5 is oscillated by another oscillator (not shown) and is 

reflected by a reflection mirror 6, thereby being irradiated on the glass plate through a 
focusing lens 7. 

[11] As a means for performing primary quenching, the invention is provided with a 

quencher for forming the crack by quenching the portion heated by the carbonic acid 
laser and is provided with a fust intake apparatus near the quencher at the back thereof. 

[12] A quenching fluid is injected into a quenching fluid inlet 10 and discharged from a 

quenching fluid cutlet 9, thereby performing the quenching process on the material. 

[13] The first intake apparatus comprises an intake hole 9 and an intake pipe 12. 

[14] As a breaking means of the invention, a second carbonic acid laser is used. In this 

case, a laser beam 13 is oscillated by the oscillator (not shown) and reflected by a 
reflection mirror 14, thereby being irradiated on the glass plate through a focusing lens 
15. 

[15] Fig. 1 shows the case in which the breaking means consists only of the heating 

optical device, whereas Fig. 2 shows the case in which the breaking means consists of 
the heating optical device and the quencher. 

[16] Of course, as in the case of Fig. 1, addition of the quencher to the device can make 

the cutting plane smooth and is advantageous in enhancing a cutting efficiency. 
Further, the addition of the quencher also can reduce a dimensional error by preventing 
the cutting plane from being melted. 

[17] In the above invention, the method for cutting the glass plate using the laser beam 

mainly comprises the scribing process and the breaking process. In the scribing pr 
ocess, the glass plated is formed with a scribe line having a depth of 100 ~ 200 m 
thereon by the scribing beam and a cooling nozzle. In the breaking process, while 
being centred on the scribe line, the glass plated is completely split by the breaking 
beam. 

[18] When using a general lens as shown in Figs. 1 and 2, the laser beam irradiated on 

the glass has an energy level as shown in Fig. 3. 
[19] In Fig. 3, the scribe line to be cut is denoted by the dotted line in the middle 
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thereof, in which while being centered on the scribe line, the energy level of the laser 
beam is maximal along the scribe line and gradially decreases toward outside of the 
scribed line. 

[20] When the laser beam has the energy level as mentioned above, the glass plate on 

the scribe line has a temperature higher than that arcund the scribe line, so that the 
cutting plane melts or has a temperature near the melting point thereof, causing a 
ragh cutting plane and leaving traces caused by flow of the melt thereon. 
[21] For reasons described above, the cutting line is reduced in straightness and the 

cutting substrate has a cross-section with a reduced flatness, so that appearance and 
quality of the products are damaged. 
[22] Additionally, if additional scribing and breaking processes are performed again in 

the direction perpendicular to the preceding processes after finishing the scribing and 
breaking processes, the reduced straightness during the preceding processes caises the 
glass plated to be cut with deviation from a predetermined path to cut. 
[23] In order to solve the above problems, the inventor of the present invention 

specifically investigated optimal conditions for the scribing and breaking processes 
thragh several experiments and finally found specific conditions by which the glass 
plate can be stably cut without inconvenience as described above. The applicant of the 
present invention filed the invention with the Korean Intellectual Property Office 
(Korean Patent Application No. 10-2003-0000645). 
[24] Specifically, the problems as described above do not occur when the laser beam is 

irradiated with an irradiation area of 20 ~ 200 mrf and a plane radiation density of 0.05 
~ 2 J/ mnf , and is then irradiated with an irradiation area of 20 - 200 mnf and a volume 
radiation density of 0.1 ~ 0.5 J/ mnf , using a predetermined scribing means. 
[25] However, if the general focusing lens is used, the application cannot also overcome 

the problem caused by the energy distribution of the laser beam as shown in Fig. 3. 

Advantageous Effects 
[26] The present invention has been made to solve the above problems, and it is an 

object of the present invention to provide an apparatus for cutting a glass plate with a 
laser beam, which comprises a means for lowering an energy level of the laser beam, 
having passed thragh a lens, on a scribe line in order to maximally enhance a quality 
of a cutting plane when cutting the glass plate with the laser beam. 

Description of Drawings 
[27] The above and other objects, features and other advantages of the present invention 

will be more clearly understood from the following detailed description taken in 
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conjunction with the accompanying drawings, in which: 
[28] Fig. 1 is a conceptual diagram of a conventional apparatus 1 ; 

[29] Fig. 2 is a conceptual diagram of a conventional apparatus 2; 

[30] Fig. 3 is an energy distribution diagram achieved by a conventional lens; 

[31] Fig. 4 is an energy distribution diagram that the present invention purposes to 

achieve; 

[32] Fig. 5 is a perspective view of a multi-focus lens on a disk according to 

Embodiment 1 of the present invention, showing an aspect of focusing and an energy 
distribution; 

[33] Fig. 6 is a perspective view of a multi-focus lens on a disk according to 

Embodiment 2 of the present invention, showing an aspect of focusing and an energy 
distribution; 

[34] Fig. 7 is a perspective view of a photo mask of Embodiment 3 of the present 

invention; 

[35] Fig. 8 is a conceptual diagram of an apparatus provided with the photo mask of 

Fig. 7; and 

[36] Fig. 9 is a plan view of a photo mask of Embodiment 4 of the present invention. 

Best Mode 

[37] In accordance with an aspect of the present invention, the above and other objects 

can be accomplished by the provision of an apparatus for cutting a glass plate, 
comprising a cracking means for forming a minute crack at a point on the glass plate 
where the cutting is started, at least one scribing means using a laser beam absorbed by 
the glass plate, at least one quenching means using a quenching fluid after irradiation 
of the laser beam, a breaking means using the laser beam, the breaking means 
comprising a laser oscillator, a reflection mirror and a focusing lens, wherein the 
focusing lens has at least two or more focal lengths. 

[38] Preferably, the focusing lens has a focal length at a center of the lens longer than at 

an cuter portion of the lens. 

[39] Preferably, the focusing lens has at least two or more focal lengths and has a 

cylindrical shape such that the focusing lens is located for the laser beam to be sym- 
metrically irradiated in the lengthwise direction of the scribe line created by the 
scribing means. 

Preferably, the focusing lens comprises a cylindrical Plano-convex type lens with a 
flat shaped bottom, an Aspheric type lens with a crown-shaped convex bottom, or a 
cylindrical Bi-convex type lens. 
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[41] In accordance with another aspect of the present invention, there is provided an 

apparatus for cutting a glass plate, comprising a cracking means for forming a minute 
crack at a point on the glass plate where the cutting is started, at least one scribing 
means using a laser beam absorbed by the glass plate, at least one quenching means 
using a quenching fluid after irradiation of the laser beam, a breaking means using the 
laser beam, the breaking means comprising a laser oscillator, a reflection mirror and a 
focusing lens, the apparatus fiirther comprising: a photo mask formed with light 
transmission openings for transmitting a part of the laser beam to be irradiated on the 
glass plate instead of the focusing lens. 

[42] Preferably, the light transmission openings are symmetrically arranged for the 

scribe line. 

[43] Preferably, the light transmission openings are symmetrically arranged for the 

scribe line and at the same time formed for the laser beam to be split perpendicular to 
the scribe line. 

Mode for Invention 

[44] Now, preferred embodiments of the present invention will be described in detail 

with reference to the annexed drawings. In the drawings, the same or similar elements 
are denoted by the same reference minerals even though they are depicted in different 
drawings. 

[45] Embodiment 1 of the present invention will now be described with reference to 

Fig. 5. 

[46] When using a general focusing lens, an energy level of a laser bema irradiated on a 

glass plate has the normal distribution curve shown in Fig. 3. 
[47] That is, in accordance with the normal distribution curve of Fig. 3, while being 

centered on a scribe line, the energy level is maximal along the scribe line and 
gradually decreases to the outward of the scribe line. 

As a result, the glass plate on the scribe line becomes higher in temperature 
compared with a temperature arcund the scribe line, so that the cutting plane melts or 
is heated to a temperature near the melting point thereof, thereby caising a rough 
cutting plane as well as a reduced straightness of the cutting line. 
[49] In order to solve these problems, the energy level on the scribe line should be 

lowered, as shown in Fig. 4. To accomplish this, the present invention employs a 
multi-focus lens having at least two or more focal lengths instead of the general lens 
having one focal length. 
[50] The nulti-focus lens has one longer focal length for the light, having passed 
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throgh the center of the lens, of a higher energy level among incident lights and has 
another focal length for the light, having passed through an cuter portion of the lens 
except the center thereof, similar to the focal length of the conventional lens. 

[51] In general, since the glass plate to be cut is located at a position within the focal 

lengths, when the multi-focus lens is used as the focusing lens, the glass plate is 
positioned between the focusing lens and a short focal point. 

[52] Thus, the light, having passed through the lens except the center of the focusing 

lens, has a similar energy level to that of the conventional lens, whe reas since the glass 
plate is positioned at a position far from the focal point compared with the case of the 
conventional lens, the light, having passed through the center of the focusing lens, has 
a considerably lower energy level with a reduced focusing grade. 

[53] A multi-focus lens 60 on a disk according to Embodiment 1 of the present 

invention substitutes the conventional focusing lens 15 as shown in Figs. 1 and 2. 

[54] Embodiment 1 of the present invention employs the multi-focus lens 60 of two 

focuses on the disk. 

[55] The focusing lens has a focal length at the center thereof longer than the focal 

length at the cuter portion thereof, and the focal length at the outer portion thereof is 
similar to that of the conventional lens. 
[56] Thus, the light, having passed thragh the center of the focusing lens, is focused at 

a long focal point 62, while the light, having passed through the outer portion thereof, 
is focused at a short focal point 61. 
[57] Snce the glass plate to be cut is located between the multi-focus lens 60 and the 

short focal point 61, the energy level of the light is lowered at the center of the lens, as 
shown in Fig. 5, while being centered on the scribe line 19. 
[58] Thus, in accordance with the present invention, the glass plate on the scribe line 

may have a temperature lower than that of both sides of the scribe line. 
[59] That is, as the milti-focus lens has a disk shape, as shown in Fig. 5, the focused 

light, having passed thragh the lens, also has a circular cross-section, and the energy 
level of the light shows a volcanic-cone shape. 

Meanwhile, althagh Embodiment 1 of the present invention can create an energy 
density difference between the center and the outer portion of the lens on a cross- 
section in which the glass plate is fixed without moving, the movement of the glass 
plate can cause a continues overlap of the energy irradiated cross-sectional areas due 
to the volcanic^ shaped energy level, resulting in a problem that the laser beam of 
a higher energy level is irradiated on the scribe line. 



[60] 



WO 2004/083133 _ _ PCT/KR2004/000592 



[61] Thus, in order to create the energy level as shown in Fig. 3 on each position of the 

scribe line the laser beam with the energy level as shown in Fig. 3 should be created in 

the lengthwise direction of the scribe line. 
[62] For this purpose, Embodiment 2 of the present invention provides another multi- 

foois lens having a cylindrical shape as shown in Fig. 6, which will be used for the 

focusing lens. 

[63] In view of a cross-section, the cylindrical-shaped multi-focus lens 70 has one long 

focal length for the light, having passed through the center of the lens, of a higher level 
among the incident lights and has another focal length for the light, having passed 
through the outer portion of the lens except the center thereof, similar to the focal 
length of the conventional lens. 

[64] Thus, the light, having passed through the center of the focusing lens is focused at 

a long focal point 72, and the light, having passed through the outer portion of the lens, 
is focused at a short focal point 71. The energy level created on the short and long 
focal points 71 and 72 in the cylindrical multi-focus lens 70 exhibits the shape as 
shown in Fig. 6. 

[65] In general, since the glass plate to be cut is located at a position within the focal 

lengths, when the multi-focus lens as described above is used as the focusing lens, the 
glass plate is positioned between the short focal point 71 and the cylindrical multi- 
focus lens 70. 

[66] That is, the light, having passed throgh the lens except the center of the focusing 

lens, has a similar energy level to that of the conventional lens, whereas since the glass 
plate is positioned far from the focal point compared with the case of the conventional 
lens, the light, having passed through the center of the focusing lens, has a con- 
siderably lower energy level with a reduced focusing grade. 
[67] As the multi-focus lens of Embodiment 2 has the cylindrical shape, the energy dis- 

tribution also shows the cylindrical shape. 

That is, regardless of the continuous irradiation of the laser beam and movement of 
the glass plate in the direction perpendicular to the cutting line, there can be achieved 
the laser beam of a constant energy distribution curve. 

The multi-focus lens as described above may comprise the cylindrical Plano- 
convex type lens with a flat shaped bottom, an Aspheric type lens with a crown-shaped 
convex bottom, a cylindrical Bi-convex type lens, or combination of various shapes 
with a cylindrical fiinction. 
[70] Embodiment 2 of the present invention is superior to Embodiment 2 in that the 
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cutting margin is enhanced with a remarkable enhancement in a range of laser power 
for the breaking, which does not cause the melting phenomenon deteriorating the plane 
which is cut using the cylindrical nulti-focus lens of Embodiment 2. 
[71] Embodiment 2 of the present invention will now be described in detail with 

reference to Fig. 6. 

[72] When using the general focusing lens, the energy level of the laser beam irradiated 

on the glass plate has the normal distribution curve as shown in Fig. 3, so that while 
being centered on scribe line, the energy level of the laser beam is maximal along the 
scribe line and gradually decreases outward of the scribe line. 

[73] Thus, the glass plate on the scribe line becomes higher in temperature than the 

glass plate around the scribe line, so that the cutting plane melts or is heated to a 
temperature near the melting point thereof, thereby casing the ragh cutting plane as 
well as the reduced straightness of the cutting line. In order to solve these problems, as 
shown in Fig. 4, Embodiment 3 of the present invention employs a photo mask instead 
of the focusing lens. 

[74] The photo mask can also be used along with the focusing lens. 

[75] The photo mask is provided with light transmission openings for transmitting a part 

of light in order to form a predetermined irradiation shape of the laser beam on a 

metallic body. 

[76] Snce the photo mask creates the predetermined irradiation shape by shielding the 

part of the light of the laser beam, the photo mask has a raised temperature due to the 

part where the light is shielded by the photo mask. 
[77] Thus, the photo mask is preferably provided with a separate quenching means. 

[78] In order to maximize quenching efficiency, the photo mask is preferably further 

provided with a water quenching means (not shown) inside the photo mask. 
[79] Further, since the photo mask is basically made of a material with a good thermal 

property, the material preferably comprises a heat resistant material. 
[80] The light transmission openings formed at the photo mask are shaped to solve the 

problems caused by the energy level. 
[81] For the energy level on the scribe line not to have a maximun value, the light 

transmission openings of the photo mask are arranged to have a symmetrical shape 

centered on the scribe line. 
[82] That is, the energy level has the shape as shown in Fig. 4. 

[83] Further, the light transmission openings may be formed to split the laser beam in 

the direction perpendicular to the scribe line. 
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[84] As mentioned above, the laser beam is split in the direction perpendicular to the 

scribe line throgh the light transmission openings, and the energy level as shown in 
Fig. 4 is generated parallel to the scribe line. 

[85] Thus, when cutting the glass plate in the direction perpendicular to the original 

scriber line using the laser beam split by the tight transmission openings, the crossing 
point is already in the state of being cut in the direction perpendicular to the present 
scribe line by the preceding process. Thus, problems in the cutting plane or dete- 
rioration in the straightness of the scribe line caused by greater application of energy 
can be overcome by lowering the energy level around the crossing point in the 
direction perpendicular to the present scribe line. 

[86] Fig. 7 shows the photo mask 50 according to Embodiment 3 of the present 

invention, at which the light transmission openings 50 are formed to split the laser 
beam in the direction perpendicular to the scribe line 19 as well as parallel thereto. 

[87] As shown in Fig. 8, the photo mask 50 constitutes the apparatus of the present 

invention instead of the conventional focusing lens 15. 

[88] Thus, if the apparatus of the invention is practically applied, as shown in Fig. 4, the 

glass plate on the scribe line may have a temperature lower than that around the scribe 
line, that is, on both sides of the glass plate on the scribe line, and the energy level as 
shown in Fig. 4 is also formed in the direction parallel to the scribe line. 

[89] Fig. 9 shows the shape of a photo mask 50' according to Embodiment 4 of the 

present invention. 

[90] Snce the photo mask 50' is formed with light transmission openings 51* sym- 

metrically arranged for the scribe line, the energy level as shown in Fig. 4 is formed 
only in the direction perpendicular to the scribe line. 

[91] It should be understood that the embodiments and the accompanying drawings as 

described above have been described for illustrative purposes and the present invention 
is limited by the following claims. Further, those skilled in the art will appreciate that 
various modifications, additions and substitutions are allowed without departing from 
the scope and spirit of the invention as set forth in the accompanying claims. 

Industrial Applicability 

[92] As is apparent from the above description, in accordance with the present 

invention, when the glass plate is cut with the nulti-focus lens or the photo mask, the 
glass plate on the scribe line has a temperature lower than that around the scribe line, 
so that the problem of flowing due to the melting is prevented, thereby provide a clean 
cutting plane. 



